Introduction
According to the World Health Organization (WHO), cervical cancer is the second most prevalent cancer and the main cause of cancer death for women in the world [1] . Though the incidence and mortality rates for cervical cancer have declined in developed countries since the introduction of screening programs [2] , the National Cancer Institute estimates that in 2008 there were 11,070 new cases of cervical cancer and 3,870 deaths due to cervical cancer in the U.S. [3] . Fortunately, cervical cancer mortality is largely preventable through early detection and treatment, and the Papanicolaou (Pap) test provides an effective and inexpensive means of early detection [4] [5] [6] . Healthy People 2010 identifies two specific goals related to Pap testing. The first goal is to increase the proportion of women ages 18 years or older ever having a Pap test to 97%. The second goal is to increase the proportion of women ages 18 years or older receiving a Pap test within the preceding 3 years to 90% [7] .
Substantial research has documented that cervical cancer incidence and mortality rates vary by race and ethnicity [8] [9] [10] [11] [12] [13] [14] . Research indicates that the rates of Pap test use also vary by race and ethnicity [15, 16] . In the case of Asian women living in the U.S., the rates of Pap test use appear to be consistently lower than for women in other racial and ethnic groups [15] [16] [17] [18] [19] . While such studies document the low rates of Pap test use among Asian women living in the U.S., they are limited by small sample sizes [17, 18] , the use of regional or single state populations as the sources of data [15, 17, 19] , or by single point in time rate measurements [15, 17, 18] .
To address these limitations in the current understanding of Pap test use by Asian women in the U.S., we use National Health Interview Survey (NHIS) data to examine Pap test utilization patterns by race and ethnicity among women living in the U.S. during 1982-2005, with a special focus on patterns within Asian subpopulations. Based on these examinations, we extrapolate the utilization patterns to 2010 to predict the likelihood of reaching the Healthy People 2010 targets for Pap test use.
Methods

Data
We used 12-years of NHIS data; viz., 1982, 1985, 1987, 1990, 1992, 1993, 1994, 1998, 1999, 2000, 2003, and 2005 for women, ages 18 and older, living in the U.S. As noted by Solomon et al., the NHIS is the only national-level survey from which it is possible to estimate cervical cancerscreening rates in the U.S. [20] . Demographic data, strata, and primary sampling units (PSU) were retrieved from the Integrated Health Interview Series (IHIS) website (http:// www.ihis.us), a cross-sectional time series of harmonized NHIS data [21, 22] . Variables related to Pap testing were from the original NHIS public use files, which we merged with the data retrieved from IHIS [23] 
Measures
Pap Test Variables
The outcome of interest is Pap test use, measured in two ways consistent with the Healthy People 2010 objectives. The first is a measure of whether a woman ever had a Pap Source: National Health Interview Survey (NHIS) data from 1982, 1985, 1987, 1990, 1992, 1993, 1994, 1998, 1999, 2000, 2003 We also examined the trend of Pap test use in four specific subpopulations of Asian women living in the U.S. (i.e., Chinese, Filipino, Asian Indian, and Other API) from 1992 to 2005. Chinese, Filipino, and Asian Indian subpopulations were the only groups consistently identified in these years, so we classified all other Asian subpopulations into the single group ''other API''. We excluded earlier years because detailed Asian subpopulation information was not available.
Statistical Analyses
We used Stata/IC 10.1 to conduct all analyses in order to account for the complex survey design of the NHIS [25, 26] . Strata, PSU, and sampling weights were accommodated using the appropriate survey commands in Stata.
Although our primary analysis represents unadjusted Pap test rates over time, we examined the demographic composition of our sample across three time periods: 1980s, 1990s, and 2000s. We examined the distribution of selected characteristics and test for statistically significant differences using design-based F-tests.
There were two steps in our analyses of Pap test use over time. First, to document and examine trends in Pap test use from 1982 to 2005, we estimated, by race and ethnicity, the annual prevalence rates of our two Pap test variables. Second, we used data from 1990 to 2005 to predict the rates of Pap test use in 2010 on the assumption that the 1990-2005 trend would continue through 2010. Next, we did these two steps analysis across Asian subpopulations using data from 1992 to 2005. Since the dependent variable in the statistical analyses is proportional, we used a fractional logit model proposed by Papke and Wooldridge to predict the rates of Pap test use by race for 2010 [27] . This was accomplished in Stata using the generalized linear model (glm) command with a logit functional form and robust standard errors. A standard regression model will model the expected conditional proportional dependent variable as a linear probability and may predict expected values outside the boundaries of 0% and 100%. In contrast, a fractional logit model models the expected conditional proportional dependent variable as a non-linear function by using a functional form that ensures the predicted values lay between 0% and 100% [27] . Table 2 shows selected characteristics of women ages 18 and older for three time periods-1980s, 1990s, and 2000s. Overall, the demographic composition of adult women in the U.S. has changed over time. The proportion of women who are Asian, non-Hispanic Black, and Hispanic are increasing, while the proportion of non-Hispanic White women is decreasing (F-test = 13.0; P \ 0.001). Women in the contemporary U.S. are also older (F-test = 830; P \ 0.001) and more educated (F-test = 837; P \ 0.001), but report lower levels of self-rated health than 20 years ago (F-test = 71.5; P \ 0.001).
Results
Asian Women and Other Racial/Ethnic Groups
Overall, for 1982-2005, the rates of ever having a Pap test for Asian women living in the U.S. do not change much over time. The proportion of Non-Hispanic White and Black women who ever had a Pap test is greater than 90% throughout the period. In contrast, the rate of ever having a Pap test among Asian women is generally in the 70% range and peaks at only 80%. With the exception of 1987 Hispanic women, this 80% rate is lower than the rate for any other racial or ethnic group during the 24-year period (figure not shown).
On the assumption that the trend from 1990 to 2005 will remain constant another 5 years, the 2010 predicted rate (not shown) for Asian women living in the U.S. of ever having a Pap test is 75%. Compared with women from all other racial and ethnic groups, the predicted rate for Asian women is the lowest. Moreover, the rates for women in all racial and ethnic groups are lower than the 97% target in Healthy People 2010. The predicted rate for Asian women is furthest from the target (figure not shown). 1982, 1985, 1987, 1990, 1992, 1993, 1994, 1998, 1999, 2000, 2003 Figure 2 shows the overall trend and predicted rates both for U.S. Asian women and U.S. women in other racial and ethnic groups. For Asian women, the 2010 predicted rate of having a Pap test in the preceding 3 years is 65%. On the assumption that the trend from 1990 to 2005 will remain constant another 5 years, the 2010 rate of Asian women having a Pap test in the preceding 3 years will be lower than the rates for women in all other racial and ethnic groups. Furthermore, no racial or ethnic group has a predicted Pap test utilization rate close to the 90% target set in Healthy People. 1982, 1985, 1987, 1990, 1992, 1993, 1994, 1998, 1999, 2000, 2003 The results of our analyses, as well as the conclusions drawn from them, should be considered in light of limitations. First, using NHIS data, which relies on self-reports of Pap test use, could result in problems of overestimation. Previous studies have documented concerns about the validity of self-reported Pap test data. Some evidence suggests that women may confuse having a pelvic exam with having a Pap test [33, 34] . For example, Fiscella et al. found that the rates at which Hispanic and African American women reported having a Pap tests were greater than the rates supported by an examination of the relevant medical claim data [35] . In the same vein, recall bias may also affect determination of the time since the last Pap test [36] . As reported by Newell et al., self-reported times of Pap tests are likely to be more recent than the date of their actual occurrence [37] .
Asian Subpopulations
Second, because administration of the NHIS occurs in only English or Spanish, it is likely that Asian women who do not speak English or Spanish are underrepresented in the NHIS sample. This is important because, as has been documented by several studies, Asian women who do not speak English tend to have fewer Pap tests [38] . For example, Ponce et al. found that among Asian women surveyed in the California Health Interview Survey, those who interviewed in Vietnamese, Cantonese, Korean or Mandarin had significantly lower rates of having a Pap test in the preceding 3 years than did Asian women who interviewed in English [39] . Kagawa-Singer et al. found that non-English speaking Asian American and Pacific Islander women living in the U.S. tend to have the lowest rates of Pap test use relative to women in other racial categories [40] . Among Chinese American women, ages 40-69 years, Yu et al. found that less than one-third of those who spoke English poorly or not at all reported ever having had a Pap test, compared to 86% of those who spoke English moderately well or very well [41] . Was it a year ago or less, more than 1 year but not more than 2 years, more than 2 years but not more than 3 years, more than 3 years but not more than 5 years, or over 5 years ago?'' Because of this variation in the wording, our analyses rely on comparable but not identical measures of Pap test use over time.
Finally, it is possible that the NHIS populations and subpopulations analyzed included women for whom Pap testing is no longer recommended (e.g., women having a hysterectomy with complete removal of the cervix). For example, using 1991, 1998 and 2000 NHIS data, Solomon et al. estimated that approximately 15% of the women who reported having a Pap test were women with hysterectomies [20] . While in some years the NHIS had a question about having a hysterectomy, there is no way to distinguish whether the cervix was completely removed, and standard Pap test guidelines recommend that women with only partial cervix removal continue with recommended Pap test screening [31] . Because the NHIS data do not permit exclusions of women without a cervix, the real rate of Pap test use within the preceding 3 years by women for whom the test is both appropriate and recommended may be underestimated.
Conclusion
Disparities between rates of Pap test use by Asian women living in the U.S., and rates for U.S. women in other racial and ethnic categories persist across the period from 1982 to 2005. Disparities in Pap test use also exist across Asian subpopulations living in the U.S. for the same period. As our analyses demonstrate, if current trends continue, it is quite likely that Asian women will not reach the Healthy People 2010 targets for Pap test use, and disparities both across Asian subpopulations and between Asian women and women in other racial and ethnic categories in the use of Pap tests will continue to exist. This is especially troubling because the Pap test is an effective, inexpensive test that is typically covered by both private and public health insurance. For this reason, we believe that changes in medical education and clinical practices are a good first step to reducing the disparities and increasing the use of Pap tests by Asian women living in the U.S. For example, a simple measure would be to attach a memo to the charts reminding physicians and other health professionals to speak with their patients about the importance of having a Pap test. Of course, knowing a problem exists and knowing how best to address and resolve that problem are two entirely different matters. Our analyses have uncovered the disparities problem for Asian women living in the U.S., and have characterized some of the problem's scope. Further research that aims to identify and understand the salient determinants of Pap test use by Asian women living in the U.S. is needed to better help physicians and health care workers enhance their patient care for this population.
